Transcatheter aortic valve implantation (TAVI) is a new therapy for severe aortic stenosis in high-risk patients. So far, no reference values for the echocardiographic assessment of this new class of heart valves have been established. The aim of our study was to determine Doppler haemodynamics and the effective orifice area (EOA).
Introduction
Age-related calcific aortic stenosis (AS) is the most common cause of AS in adults in developed countries. Its prevalence continues to rise in an ageing society and has been reported to be 4.6% in adults aged 75 years or more. 1 Tables 1 and 2 . During Doppler examination, the heart rate ranged from 50 to 116 bpm with a mean of 72.5 + 11.2 bpm.
Statistics
All results are expressed as mean + SD with the exception of the examination time after implantation, which is given as median + SD. 
Results
Doppler data, valve sizes, and the presence of prosthetic regurgitation for the various valve types are given in Table 3 and 
Discussion
Percutaneous valve implantation is an evolving new approach for the over 30% of all symptomatic patients with severe AS who cannot undergo surgical treatment due to relevant comorbidities. 10 As the non-inferiority of TAVI compared with surgical treatment was recently shown 3 percutaneous treatment of severe AS will likely become a standard method. Therefore and due to increasing experience with this technique the number of implantations will rise and the need for non-invasive evaluation will become even more necessary than it is already today. While assessment of symptomatic patients after valve repair should always start with physical examination, differentiation of symptoms caused by prosthetic valve dysfunction and other conditions needs specific diagnostic tools. 5 Echocardiography and Doppler assessment are the method of choice also in patients after TAVI 5 and, therefore, normal Doppler values have to be established. The present study determines the normal range for Doppler haemodynamics and EOA of two types of percutaneously implanted bioprosthetic valves (i.e. Edwards SAPIEN and CoreValve) after successful TAVI. As mild paravalvular regurgitation is common, 11 especially in patients with CoreValve prostheses, only patients with severe aortic (or mitral) regurgitation were excluded due to alteration of forward-flow haemodynamics. In our experience, the classification of paravalvular regurgitation is even more challenging in percutaneous valves than in conventional, surgically implanted prostheses since the regurgitation jet is often eccentric and crescent-shaped. Moreover, measurement of the vena contracta is frequently not feasible. Vena contracta planimetry by 3D echocardiography might prove to be an accurate methodology for paravalvular AR jet evaluation in the future.
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One limitation of our study is the fact that transoesophageal echocardiography (TEE) was not routinely performed after TAVI. This modality shows higher sensitivity in AR evaluation than transthoracic echocardiographic studies in patients with a poor acoustic window and may help to identify posterior paravalvular leaks. 5 In patients with treated severe AS, the rate of deceleration of the diastolic regurgitant jet and the derived pressure half-time are not helpful in evaluation of AR since they are more depending on the LV compliance and pressure then on the AR itself. 9 As recommended we used an integrative approach with an emphasis on the flow profile in the thoracic and abdominal aorta since a holodiastolic flow reversal in the descending thoracic aorta indicates an at least moderate AR. 5 The strength of the presented data is the additionally considered haemodynamic parameters such as LVEF and SV since their consideration is required for an adequate interpretation of Doppler data due to the flow dependence. 12, 13 In most of the published literature about normal values for Doppler gradients this crucial information is missing. 14 However, a preserved LVEF does not rule out impaired systolic function and a paradoxical low flow situation resulting in low gradients. 15 In consequence, the SV has a greater significance for the flow profile than LVEF alone. Importantly, our study population has normal mean flow haemodynamics with a mean SV of over 70 mL and a SVI of 40 mL/m 2 . In case of treating patients with a low flow haemodynamic situation, our normal values have to be used with caution 5, 12, 14 but the EOA and the DVI should still be valid. In patients with aortic prostheses and narrow LV outflow due to LV hypertrophy, the velocity proximal to the prosthesis may be elevated and should be included in the Bernoulli equation to derive the pressure gradients more accurately. But there is still a good correlation between pressure gradients derived from the simplified Bernoulli equation and haemodynamically measured gradients. 16 The present publication was neither designed as a comparison between the different available percutaneous aortic valves nor between other surgically implanted aortic prostheses. Rather, it describes the haemodynamic performances of the Edwards Sapien and the CoreValve transcatheter aortic valves in a large cohort of patients. We performed only a non-invasive evaluation of the different valves and no corresponding invasively measured haemodynamic values were obtained. Yet, a good correlation between cw Doppler data and catheter-based haemodynamics has been shown for prostheses in the aortic position 17 and routinely follow-up examinations will be performed non-invasively for the majority of the patients. Although our four patient groups are not matched, there were no significant differences regarding LVEF, heart rate and SV between the different valves. CoreValve 26 mm prostheses were found to have significantly lower mean peak velocities as well as lower peak and average mean gradients. Furthermore, the CoreValve 29 mm prosthesis had, on average, a significantly greater EOA compared with the Edwards Sapien 23 mm. These findings are consistent with previous studies on aortic prostheses which reported an inverse correlation between valve size and flow velocities. 18, 19 Although the CoreValve 26 mm had the greatest orifice area indexed to the patient's BSA no significant difference could be found compared with the other valve types. To describe the function of prosthesis using the indexed EOA is more reasonable since it better reflects the combination of valve function and condition of each patient present. The EOA has to be proportionate to the patient's body size to keep the haemodynamic parameters low. 20 -22 Hence, the indexed orifice area was shown to be the only parameter with impact on the clinical outcome. 23 -26 Taken together, no percutaneous valve can be considered superior regarding the haemodynamic function. Therefore, the decision which valve to implant should be driven by the aortic annulus diameter and the optimal interventional access for each patient.
In comparison with previously published haemodynamic data of mostly stented surgically implanted bioprosthetic aortic valves, 5,14,27 -40 the percutaneous valves tend to have lower mean peak velocities and pressure gradients. Even the normal values of some stentless valves seem higher than the tested percutaneous valves. 41 -44 The EOA is similar compared with previously published data of surgically implanted stented bioprosthetic aortic valves. It is not possible to compare the indexed EOA since this parameter is generally not given in the available literature. Our results appear all the more surprising because the diseased and often severely calcific leaflets of the native valve are only crushed against the supporting valvular sinuses during the valvuloplasty and the following valve implantation and are not surgically resected. Accordingly, recoil could be expected leading to reduction of the orifice area and an increase in the transvalvular pressure gradients. Nevertheless, our data suggest an improvement of the pressure gradients in this new class of prostheses compared with surgically implanted valves. In comparison with native valves; however, a mild obstruction is still detectable. Thus, a complete normalization of the haemodynamics cannot be expected. The frequent paravalvular regurgitation could influence the haemodynamic effects additionally. Since the vast majority of index echocardiographic examinations took place in the first month, no information is available about mid-term alterations. In a subgroup analysis; however, no significant differences regarding the EOA and the indexed EOA in patients examined .1 month after TAVI could be detected.
Importantly, since our study did not include patients after conventional therapy our comparison with surgically implanted valves is only based on previously published data.
In conclusion, Doppler echocardiography is the preferred noninvasive modality for the follow-up evaluation of prosthetic valve function. This study establishes normal Doppler values for Edwards Sapien and CoreValve transcatheter aortic valves but, if available, comparison with the individual baseline values should always be considered.
